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(57) ABSTRACT 

A negative feedback circuit including: a Voltage follower for 
making the output voltage follow a reference Voltage, a 
proportional current mirror for outputting a current in pro 
portion to a reference current via a reference resistor as a 
input current of the proportional current mirror, a compari 
son arbiter for comparing the Voltage across the reference 
resistor and the Voltage across a first variable resistor to 
acquire a regulating signal, inputting the regulating signal to 
the third regulating end of the first variable resistor and 
inputting the regulating signal to the third regulating end of 
a second variable resistor to synchronously regulate the 
resistances of the first and second variable resistors and thus 
make the resistances of the first and second variable resistors 
equal to the desired terminating resistance. The present 
invention also discloses a method and apparatus for per 
forming on-chip impedance matching for a transmission 
line. 
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NEGATIVE FEEDBACK CIRCUIT AND METHOD 
AND APPARATUS FOR IMPLEMENTING ON-CHIP 
MPEDANCE MATCHING FORTRANSMISSION 

LINE BY USING SAME 

FIELD OF THE TECHNOLOGY 

0001. The present invention relates to electronic circuit 
technologies, and particularly, to a negative feedback circuit, 
a method and an apparatus for implementing on-chip imped 
ance matching for a transmission line. 

BACKGROUND OF THE INVENTION 

0002. A transmission line is typically used for performing 
long distance transmission of signals. Impedance matching 
usually needs to be carried out on either of the sending side 
and the receiving side of a signal, in other words, make the 
equivalent impedance of the sending side or receiving side 
equal to the impedance of the transmission line, Zr, so as 
to avoid signal reflection. Such impedance matching is 
carried out on the receiving side more commonly and an 
ordinary method is to add a terminating resistor, R. 
0003 FIG. 1 shows a schematic diagram illustrating a 
circuit for implementing impedance matching on the receiv 
ing side of a transmission line. In FIG. 1, Z102 is the 
impedance of the transmission line. After the impedance 
matching is performed by a terminating resistor R, 104 via 
the transmission line, a signal enters the internal circuit of 
chip 106 to be handled. In many practical applications (e.g. 
E1/T1), two transformers 108 are respectively connected on 
both sides of the transmission line for varying the amplitude 
of the signal and transforming the impedance. However, this 
does not substantially affect the principles and basic char 
acteristics of the circuit. Transformer 108 on the receiving 
side is shown in FIG. 1. An off-chip discrete device with 
higher precision is typically adopted as R 104 in practical 
applications since signal refection is sensitive to the degree 
of impedance matching. 

0004. This scheme has a disadvantage that the terminat 
ing resistor needs to be selected frequently from multiple 
terminating resistors by using a Switch if the circuit is 
required to be compatible with transmission lines having 
different impedances. Multiple resistors in the practical 
product mean the increase of cost while the Switch may 
bring a problem of low reliability and poor operability. 

SUMMARY OF THE INVENTION 

0005 The present invention provides a negative feedback 
circuit and a method for implementing the negative feedback 
circuit, and an apparatus for performing on-chip impedance 
matching for a transmission line using the negative feedback 
circuit, so as to overcome at least one of the disadvantages 
in the prior art such as high cost, low reliability and poor 
operability. 

0006 The technical solutions in accordance with the 
present invention are achieved as follows. 

0007. A negative feedback circuit includes: 
0008 a reference resistor (302) having a first end and a 
second end, the second end of the reference resistor (302) 
being connected to a common end; 
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0009 a first variable resistor (304) having a first end, a 
second end and a third regulating end, the second end of the 
first variable resistor (304) being connected to the common 
end; 
0010 a second variable resistor (306) having a first end, 
a second end and a third regulating end; 
0011 a voltage follower (308) having a first end, a second 
end and a third end, the first end of the voltage follower 
(308) being connected to the first end of the reference 
resistor (302) at node A: the voltage follower (308) being 
configured to make Voltage at node A, VA, follow a refer 
ence voltage inputted to the third end of the voltage follower 
(308); 
0012 a proportional current mirror (310) having an input 
end and an output end; the input end of the proportional 
current mirror (310) being connected to the second end of 
the voltage follower (308) and the output end of the pro 
portional current mirror (310) being connected to the first 
end of the first variable resistor (304) at node B; the 
proportional current mirror (310) being configured to output 
a current of the output end of the proportional current mirror 
(310) in proportion to a current of the input end of the 
proportional current mirror (310); the current of the input 
end being a reference current via the reference resistor, and 
0013 a comparison arbiter (312) having a first input end, 
a second input end, a first output end and a second output 
end, node A and node B being connected to a first input end 
and a second input end of the comparison arbiter (312). 
respectively; the comparison arbiter (312) being configured 
to compare the Voltage at node A and the Voltage at node B 
to acquire a regulating signal; the regulating signal being 
used for synchronously regulating the resistances of the first 
variable resistor (304) and the second variable resistor (306) 
So as to make the Voltage at node B approach to the Voltage 
at node A. 

0014. The comparison arbiter (312) includes: 
00.15 a voltage comparator (330), a negative input end of 
the voltage comparator (330) acting as the first input end of 
the comparison arbiter (312) and a positive input end of the 
Voltage comparator (330) acting as the second input end of 
the comparison arbiter (312); the voltage comparator (330) 
being configured to compare the Voltage at node A, VA, with 
the Voltage at node B. V., and output the result of the 
comparison as an upward/downward counting control sig 
nal; and 
0016 a reversible counter (336), an output end of the 
reversible counter (336) acting as the first output end of the 
comparison arbiter (312), the reversible counter (336) being 
configured to receive the upward/downward counting con 
trol signal output by the Voltage comparator (330), count and 
output the result of the counting as the regulating signal. 
0017. A proportion of an offset voltage of the voltage 
comparator (330) to a reference voltage of the voltage 
comparator (330) is smaller than a desired error precision. 
0018. The comparison arbiter (312) further includes a 
code-stream sequential detector (334); an output end of the 
code-stream sequential detector (334) acts as the second 
output end of the comparison arbiter (312); and the code 
stream sequential detector (334) is configured to output a 
holding signal when the upward/downward counting control 
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signal is in a steady state; the steady state is a state of the 
upward/downward counting control signal when the Voltage 
at node A, VA, and the Voltage at node B. V., are equal to 
each other continuously; 
0.019 a holder (314) is connected between the compari 
son arbiter (312) and the second variable resistor (306); the 
holder (314) is configured to receive the holding signal, and 
hold the resistance of the second variable resistor (306) 
constant upon receiving the holding signal. 
0020. The code-stream sequential detector (334) 
includes: first, second, third and fourth triggers in series and 
other five triggers in series, and further includes first, 
second, third, fourth, fifth, sixth, seventh AND gates, an OR 
gate, and an inverter; 
0021 a positive output ends of the first, second, third 
triggers all are connected to an input end of the neighboring 
trigger of the next stage, and a negative output end of the 
first trigger, a positive output end of the second trigger, a 
negative output end of the third trigger, and a positive output 
end of the fourth trigger are connected to four input ends of 
the first AND gate, respectively; a positive output end of the 
first trigger, a negative output end of the second trigger, a 
positive output end of the third trigger, and a negative output 
end of the fourth trigger are connected to four input ends of 
the second AND gate, respectively; the negative output end 
of the first trigger, the negative output end of the second 
trigger, the positive output end of the third trigger, and the 
positive output end of the fourth trigger are connected to the 
four input ends of the third AND gate, respectively; the 
negative output end of the first trigger, the positive output 
end of the second trigger, the positive output end of the third 
trigger, and the negative output end of the fourth trigger are 
connected to the four input ends of the fourth AND gate, 
respectively; the positive output end of the first trigger, the 
positive output end of the second trigger, the negative output 
end of the third trigger, and the negative output end of the 
fourth trigger are connected to the four input ends of the fifth 
AND gate, respectively; the positive output end of the first 
trigger, the negative output end of the second trigger, the 
negative output end of the third trigger, and the positive 
output end of the fourth trigger are connected to the four 
input ends of the sixth AND gate, respectively; 
0022 the output ends of the above six AND gates are 
connected to six input ends of the OR gate, respectively, an 
output of the OR gate is connected to input ends of the five 
series triggers, and positive output ends of the five series 
triggers are connected to five input ends of the seventh AND 
gate, respectively; 

0023 the inverter is connected to each of the five series 
triggers and configured to invert a clock signal sent to the 
first, second, third and fourth triggers and send the inverted 
clock signal to each of the five series triggers. 
0024. A trigger connects the voltage comparator (330) 
and the reversible counter (336), and connects the voltage 
comparator (330) and the code-stream sequential detector 
(334), and the reversible counter (336) and the code-stream 
sequential detector (334) receive the upward/downward 
counting control signal via the trigger. 

0025. A criterion based on which the code-stream 
sequential detector (334) determines that the upward/down 
ward counting control signal is in a steady state is that: the 
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code stream of the upward/downward counting control 
signal in the steady state appears for odd times continuously. 

0026. The holder (314) is a register. 
0027. The first variable resistor (304) and the second 
variable resistor (306) are composed of multiple parallel 
resistors as a parallel structure, respectively, and each branch 
of the parallel structure respectively composing the first 
variable resistor (304) and the second variable resistor (306) 
includes a Switch and a resistor. 

0028. The multiple resistors are the same multiple resis 
tors with the resistance of R. 

0029. The regulable resistances of the first variable resis 
tor (304) and the second variable resistor (306) are R/n (n=0. 
1, 2, . . . . 2'), n is the number of the multiple parallel 
resistors, and N is a positive integer. 
0030 The branch is a branch formed by grouping accord 
ing to binary weight. 

0031. The switch is formed by using an NMOS transistor 
or PMOS transistor, and the resistor in the parallel structure 
includes a first resistor and a second resistor; and a method 
for connecting the switch and the resistor in the parallel 
structure includes: a source and a drain of the NMOS 
transistor or PMOS transistor are connected to the first 
resistor and the second resistor in series, respectively. 
0032) The first variable resistor (304) and the second 
variable resistor (306) are composed of multiple series 
resistors, respectively. 

0033. The second end of the reference resistor (302) is 
grounded; the second end of the first variable resistor (304) 
is grounded; the second variable resistor (306) as a termi 
nating resistor is a resistor identical with the first variable 
resistor (304). 
0034. A method for performing on-chip impedance 
matching for a transmission line on the basis of the negative 
feedback circuit includes: 

0035) comparing voltage across a reference resistor with 
Voltage across a first variable resistor, and acquiring a 
regulating signal according to the result of the comparison; 

0036 synchronously regulating the resistances of the first 
variable resistor and a second variable resistor to make the 
resistance of the second variable resistor equal to the desired 
terminating resistance. 
0037. The acquiring a regulating signal according to the 
result of the comparison includes: 
0038 outputting a high level when the voltage across the 

first variable resistor is larger than the Voltage across the 
reference resistor and outputting a low level when the 
voltage across the first variable resistor is smaller than the 
Voltage across the reference resistor, 
0039 counting according to the outputted high level and 
low level and taking the result of the counting as the 
regulating signal; and upward counting is performed when 
the high level is output while downward counting is per 
formed when the low level is output. 
0040. The synchronously regulating the resistances of the 

first variable resistor and a second variable resistor to make 
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the resistance of the second variable resistor equal to the 
desired terminating resistance includes: 
0041 feeding back the regulating signal to a regulating 
end of the first variable resistor and a regulating end of the 
second variable resistor to synchronously regulate the resis 
tances of the first variable resistor and the second variable 
resistor. 

0042. The method further includes: holding the resistance 
of the second variable resistor when the voltage across the 
reference resistor and the voltage across the first variable 
resistor are equal to each other continuously. 
0043 An apparatus for performing on-chip impedance 
matching for a transmission line includes the negative 
feedback circuit. 

0044) The variable resistor implemented in accordance 
with the present invention may act as a terminating resistor 
individually, or may be in parallel with an external precise 
resistor and act as a terminating resistor together with an 
external precise resistor. 
0045. It is obvious that the negative feedback circuit and 
the method for implementing the negative feedback circuit, 
and an apparatus for performing on-chip impedance match 
ing for a transmission line using the negative feedback 
circuit all cost less than that of the conventional Scheme. 
Moreover, it is more convenient and flexible to accomplish 
impedance matching without the frequent use of a Switch. 
Therefore, high reliability and good operability are 
achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0046) The present invention is described in an exempli 
fying manner with reference to the accompanying drawings. 
0047 FIG. 1 shows a schematic diagram illustrating a 
circuit for performing impedance matching on the receiving 
side. 

0.048 FIG. 2a shows a schematic diagram illustrating a 
circuit for performing impedance matching by directly using 
a negative feedback circuit on the receiving side in accor 
dance with the present invention. 
0049 FIG. 2a shows a schematic diagram illustrating a 
circuit for performing impedance matching by using an 
external resistor and a negative feedback circuit on the 
receiving side in accordance with the present invention. 
0050 FIG. 3a shows a schematic diagram illustrating a 
structure of a negative feedback circuit in accordance with 
the present invention. 
0051 FIG. 3b shows a schematic circuit diagram of a 
negative feedback circuit in accordance with the present 
invention. 

0.052 FIG. 4 shows a schematic circuit diagram of a first 
variable resistor and a second variable resistor in accordance 
with the present invention. 
0053 FIG. 5 shows a schematic circuit diagram of a 
connection structure of a Switch and a resistor in the struc 
ture of the variable resistor shown in FIG. 4. 

0054 FIG. 6a shows a schematic diagram illustrating a 
control signal corresponding to a steady state is a continuous 
code of “1010 in accordance with the present invention. 
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0055 FIG. 6b shows a schematic diagram illustrating that 
a control signal corresponding to a steady state is a continu 
ous code of “1100” in accordance with the present invention. 
0056 FIG. 7 shows a schematic circuit diagram of a 
code-stream sequential detector in accordance with the 
present invention; 

0057 FIG. 8 shows a schematic circuit diagram of a 
reversible counter in accordance with the present invention. 
0058 FIG. 9 shows a schematic circuit diagram of a 
holder with a holding function in accordance with the 
present invention. 

0059 FIG. 10 shows a flow chart of a method for 
performing on-chip impedance matching for a transmission 
line using a negative feedback circuit in accordance with the 
present invention. 

EMBODIMENTS OF THE INVENTION 

0060 Embodiments of the present invention are herein 
after described with reference to the accompanying draw 
ings as follows. 

0061 FIGS. 2a and 2b show a schematic diagram illus 
trating a circuit for performing impedance matching without 
an external resistor on the receiving side in accordance with 
the present invention and a schematic diagram illustrating a 
circuit for performing impedance matching using an external 
resistor on the receiving side in accordance with the present 
invention, respectively. It is shown in FIG. 2a that a negative 
feedback circuit is used for performing impedance matching 
for a transmission line in accordance with the present 
invention. It is shown in FIG. 2b that a negative feedback 
circuit and an external resistor are jointly used for perform 
ing impedance matching for the transmission line in accor 
dance with the present invention. Zir 202 is the impedance 
of the transmission line, and two transformers 204 for 
varying the amplitude of a signal and transforming the 
impedance are connected to both sides of the transmission 
line, respectively. As shown in FIGS. 2a and 2b, the variable 
resistor, R. 208, is a resistor matching with the impedance of 
the transmission line in real-time chip 206 in accordance 
with the present invention. R. 210 is a resistor matching with 
the impedance of the transmission line in real time chip 206 
in accordance with the present invention. R. 212 is an 
external resistor in parallel with a negative feedback circuit 
in accordance with the present invention. A match resistor is 
obtained by adding a parallel negative feedback circuit to 
enable the input impedance of the load end to be matched 
with the characteristic impedance of the transmission line, 
so as to avoid the reflection on the load end. 

0062 FIG. 3a shows a schematic diagram illustrating a 
negative feedback circuit in accordance with the present 
invention. The negative feedback circuit includes: 

0063 reference resistor 302 having a first end and a 
second end which is grounded; 

0064 first variable resistor 304 having a first end, a 
second end which is grounded, and a third regulating end; 

0065 second variable resistor 306, which is the same as 
first variable resistor 304, having a first end, a second end, 
and a third regulating end; 
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0.066 voltage follower 308 having a first end, a second 
end and a third end, the first end of voltage follower 308 
being connected to the first end of reference resistor 302 at 
connection node A, voltage follower 308 being used 
together with reference resistor 302 for generating a refer 
ence current, I, the Voltage at node A being VA, and a 
reference Voltage, Ver, being input to the third end of 
voltage follower 308: 
0067 proportional current mirror 310 having an input 
end and an output end, the proportion of an input current to 
an output current of proportional current mirror 310 being 
a:b, the input end being connected to the second end of 
voltage follower 308, the output end of the proportional 
current mirror 310 being connected to the first end of first 
variable resistor 304 and the connection node being B, the 
generated current being 

and the Voltage at node B being V: 
0068 comparison arbiter 312 having a first input end, a 
second input end, a first output end and a second output end, 
the Voltage at node A, VA, and the voltage at node B. V. 
being respectively input to the first and second input ends 
and thus comparison arbiter 312 acquiring a regulating 
signal and feeding the regulating signal back from its first 
output end to the third regulating end of first variable resistor 
304 to regulate the resistance of first variable resistor 304, 
the regulating signal been inputted to the third regulating 
end of second variable resistor 306 to regulate the resis 
tances of first variable resistor 304 and second variable 
resistor 306 synchronously so as to make the resistance of 
second variable resistor 306 equal to the desired terminating 
resistance. 

0069 Comparison arbiter 312 may further input the regu 
lating signal to the third regulating end of second variable 
resistor 306 via holder 314. Holder 314 has a first input end, 
a second input end and an output end. When the Voltage at 
node A, VA, and the Voltage at node B. V. are equal to each 
other continuously, comparison arbiter 312 acquires a hold 
ing signal and outputs the holding signal to holder 314, and 
then holder 314 holds the resistance of second variable 
resistor 306 constant. 

0070 FIG. 3b shows a schematic circuit diagram of a 
negative feedback circuit in accordance with the present 
invention. Amplifier 322 and first transistor 324 in FIG. 3b 
compose voltage follower 308 in FIG. 3a. First transistor 
324 is an NOMOS transistor having a source, a drain and a 
gate. The output end of amplifier 322 is connected to the gate 
of first transistor 324. The positive input end of the amplifier 
322 acts as the third end of voltage follower 308 and the 
reference Voltage, Ver, is input to the positive input end. The 
negative input end of amplifier 322 is connected to the 
Source of first transistor 324 and the connection end acts as 
the first end of voltage follower 308. The drain of first 
transistor 324 acts as the second end of voltage follower 308. 
0071) Second transistor 326 and third transistor 328 in 
FIG.3b compose proportional current mirror 310 in FIG.3a. 
Second transistor 326 and third transistor 328 are PMOS 
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transistors having a source, a drain and a gate. The source of 
second transistor 326 is connected to the source of the third 
transistor 328 and connected to the power supply. The gate 
of second transistor 326 is connected to the gate of third 
transistor 328. The drain of second transistor 326 is con 
nected to the gate of second transistor 326 and acts as the 
input of proportional current mirror 310. The drain of the 
third transistor acts as the output end of proportional current 
mirror 310. 

0072. In practical applications, first transistor 324, sec 
ond transistor 326 and third transistor 328 all may be 
selected from the group consisting of a junction field effect 
transistor, a MOS transistor, and a bipolar transistor. The 
connection structure may vary depending on the different 
adopted transistors. However, the same function may be 
achieved. 

0073 Voltage comparator 330, trigger 332, code-stream 
sequential detector 334 and reversible counter 336 in FIG. 
3b compose comparison arbiter 312 in FIG. 3a. Voltage 
comparator 330 is used for comparing the Voltage at node A, 
VA, with the Voltage at node B. V. The negative input end 
of voltage comparator 330 acts as the first input end of 
comparison arbiter 312 while the positive input end of 
voltage comparator 330 acts as the second input end of 
comparison arbiter 312. The proportion of the offset voltage 
of voltage comparator 330 to the reference voltage of 
voltage comparator 330 is smaller than the desired error 
precision of match resistor. The output end of voltage 
comparator 330 outputs the result of comparison as a control 
signal to code-stream sequential detector 334 and reversible 
counter 336 via trigger 332. The output end of reversible 
counter 336 acts as the first output end of comparison arbiter 
312. The output end of code-stream sequential detector 334 
acts as the second output end of comparison arbiter 312. The 
clock signal input to code-stream sequential detector 334 
and the reversible counter 336 is an inverted phase clock 
signal of the clock signal input to trigger 332. Moreover, the 
used clock signal is a continuous pulse signal. Holder 314 is 
a register. Trigger 332 is a D trigger. Other triggers capable 
of implementing the same function may also be selected and 
the same effect may be achieved. An apparatus with the 
negative feedback structure accomplishes comparison, 
counting and resistance regulating once a clock period. 

0074. It is obvious that R=Rxa/b when the voltage at 
node B, V, is equal to the Voltage at node A, VA. Moreover, 
the resistance of first variable resistor 304 is R and the 
resistance of the reference resistor is R. Therefore, the 
resistance of first variable resistor 304 may be made equal to 
the desired terminating resistance by selecting the appropri 
ate values of R., a, and b. 
0075. The output level of voltage comparator 330 as an 
upward/downward counting control signal is input to revers 
ible counter 336 via the trigger 332. When the voltage V, 
is larger than the Voltage VA, Voltage comparator 330 
outputs a high level, which indicates that the resistances of 
first variable resistor 304 and second variable resistor 306 
are larger than the desired resistances, so that the reversible 
counter 336 performs upward counting and feeds the result 
of the counting as a regulating signal to the third regulating 
end of first variable resistor 304 and outputs the result of the 
counting as the regulating signal to the third regulating end 
of second variable resistor 306 via holder 314, which 
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enables the resistances of first variable resistor 304 and 
second variable resistor 306 to be decreased. When the 
Voltage V is Smaller than the Voltage VA, the Voltage 
comparator 330 outputs a low level, which indicates that the 
resistances of first variable resistor 304 and second variable 
resistor 306 are smaller than the desired resistances, so that 
reversible counter 336 performs upward counting and feeds 
the result of the counting as a regulating signal to the third 
regulating end of first variable resistor 304 and outputs the 
result of the counting as the regulating signal to the third 
regulating end of second variable resistor 306 via holder 
314, which enables the resistances of first variable resistor 
304 and second variable resistor 306 to be increased. 

0.076 Code-stream sequential detector 334 takes it as a 
steady state determining criterion that the code stream of the 
control signal in steady state appears for odd times continu 
ously. After the state of the code stream is steady, code 
stream sequential detector 334 outputs a holding signal to 
holder 314 to make holder 314 enter a holding state. 
Therefore, the resistance of second variable resistor 306 is 
held constant. 

0077. The input offset voltage of voltage comparator 330 
is an importance error source in the present invention, and 
thus it needs to be ensured in practical design that the 
proportion of the offset voltage of voltage comparator 330 to 
the reference voltage of voltage comparator 330 is smaller 
than the desired error precision of match resistance. Sup 
posing that the offset Voltage is 10 mV and the desired error 
precision of match resistance does not exceed 1%, the 
reference voltage must be set at least as 1 V. Taking the error 
due to discontinuous resistances into consideration, the 
requirement should be stricter. In fact, there is an input offset 
voltage of voltage follower 308, and the true reference 
Voltage is the Voltage at node A, VA, from the viewpoint of 
the principle. Therefore, it only needs to be ensured that the 
reference Voltage minus the offset Voltage may still meet the 
above demand. In the above example, Supposing that the 
offset voltage of voltage follower 308 is 10 mV, the refer 
ence voltage only needs to exceed than 1.01 V, which is easy 
to be met, and therefore it is not necessary to take the 
influence of this factor into account. 

0078 FIG. 4 shows a schematic circuit diagram of first 
variable resistor 304 and second variable resistor 306 in 
accordance with the present invention. First variable resistor 
304 and second variable resistor 306 are composed of 
multiple parallel resistors with the same resistance. The 
resistances of multiple resistors 404 all are R. Each branch 
in the parallel structure includes switch 402 and resistor 404, 
and is grouped according to binary weight and controlled by 
a corresponding switch. If the control bit is 1, it is denoted 
that the switch 402 is closed. The switch control bits are 
Sorted according to the number of the resistors correspond 
ing to the Switch control bits, and thus a binary control code, 
bN. . . . babbo, is acquired. The value of the binary control 
code denotes the number of the parallel resistors. Therefore, 
the regulable resistances of first variable resistor 304 and 
second variable resistor 306 are R/n (n=0,1,2,..., 2-1). 
The resistance of resistors 404 with the same resistance and 
the value of N may be selected appropriately according to 
the desired precision of impedance matching. 

0079 First variable resistor 304 and second variable 
resistor 306 may also be composed of multiple series 
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resistors with the same resistance So as to reduce the static 
operation current of the whole circuit. Supposing that the 
resistances of the multiple resistors with the same resistance 
are Rand there arek series resistors with the same value, the 
corresponding proportion of the input current of propor 
tional current mirror 310 to the output current of propor 
tional current mirror 310 should be changed into a:(b/k) so 
as to ensure that the eventual match resistance will not be 
changed. Only the proportion of proportional current mirror 
310 needs to be changed by configuring a register on the 
chip when the match resistance is to be changed. 

0080 FIG. 5 shows a schematic circuit diagram of the 
connection structure of switch 402 and resistor 404 in the 
structure of the variable resistor shown in FIG. 4. The Switch 
in the structure of the variable resistor may be implemented 
with an NMOS transistor. The operation states of first 
variable resistor 304 and second variable resistor 306 are 
different from each other, and therefore the influence of the 
operation states (including the working Voltage of Source, 
drain and Substrate) on the on-resistances of their respective 
NMOS transistor Switches 502 are different, which results in 
an impedance matching error. The method for reducing the 
impedance matching error is to reduce the on-resistance of 
NMOS transistor switch 502 and the proportion of the 
on-resistance to the resistance R. In order to make the 
variation ranges of the on-resistances of the Switches Small 
as much as possible when first variable resistor 304 and 
second variable resistor 306 operate under a differential 
voltage signal, resistor 404 generally includes resistor 504 
and resistor 506 in FIG. 5, and accordingly the method for 
connecting NMOS transistor switch 502 and resistor 404 
includes: connecting the source and the drain of NMOS 
transistor Switch 502 to resistor 504 and resistor 506 with the 
resistance of R/2 in series, respectively. The corresponding 
relation between a binary code and a resistance will be 
changed if PMOS transistors are adopted, and the binary 
code corresponding to the resistance is the result of NOT 
operation for the original binary code. 

0081. In general, resistor 504 may be called a first resistor 
and resistor 506 may be called a second resistor. 

0082 FIGS. 6a and 6b show a schematic diagram illus 
trating that a control signal corresponding to a steady state 
is a continuous code of “1010 and “1100', respectively. It 
is difficult for the Voltage at node A, VA, and the voltage at 
node B, V, to be exactly equal to each other, since first 
variable resistor 304 is regulated discontinuously. Moreover, 
the limitation of the performance of voltage comparator 330 
should also be taken into consideration, and the resistance of 
first variable resistor 304 will not be held at the design value 
all along but will fluctuate slightly around a design value. 
The corresponding voltage at node B, V, is shown in FIGS. 
6a and 6b. The dead Zone in FIGS. 6a and 6b is raised by 
the limitation of the performance of voltage comparator 330. 
If the input signal falls in this Zone, voltage comparator 330 
cannot make a judgment in time and the output will be held 
in the state of the previous moment. 
0083. When the voltage, V, corresponding to the resis 
tance of first variable resistor 304 does not fall in the dead 
Zone 602, the node voltage waveform corresponding to the 
continuous operation of the circuit is shown in FIG. 6a, and 
the upward/downward counting control signal (U/D control 
signal) corresponding to the steady state is a continuous 
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code of “1010. When the voltage, V, corresponding to the 
resistance of first variable resistor 304 falls in the dead Zone 
602, the voltage waveform at the node corresponding to the 
continuous operation of the circuit is shown in FIG. 6b, and 
the U/D control signal corresponding to the steady state is a 
continuous code of “1100'. Of course, six codes, “1010, 
“0101, “1100”, “0110”, “0011”, “1001, corresponding to 
the two codes in FIG. 6, may occur due to different pickup 
positions. 

0084 As can be seen from the above, that U/D control 
signal is a continuous code of “1100” may be used for a 
criterion for determining that the circuit reaches the eventual 
steady state. The code-stream sequential detector 334 
detects the U/D control signal, and it is considered that the 
state is already steady when the above code appears con 
tinuously. Moreover, in order to reduce an error as much as 
possible, it is appropriate to adopt the repetition of the code 
for odd times in the determining criterion. In general, 
code-stream sequential detector 334 takes it as the steady 
state determining criterion that the code stream of the U/D 
control signal in steady state appears for 5 times continu 
ously. 

0085. In order that second variable resistor 306 as a 
terminating resistor will not vary after the state is steady, 
holder 314 with a holding function is added between the 
output of reversible counter 336 and second variable resistor 
306. When determining that the state of the circuit is steady, 
the code-stream sequential detector 334 outputs a holding 
signal (Hold) to make holder 314 be in a holding state. Thus, 
the resistance of second variable resistor 306 will not vary. 
Second variable resistor 306 performs the same variation as 
that of first variable resistor 304 again only when the circuit 
quits the steady state. 

0.086 FIG. 7 shows a schematic circuit diagram of the 
code-stream sequential detector in accordance with the 
present invention. Code-stream sequential detector 334 
includes: triggers (702, 704, 706, 708, 710, 712, 714, 716, 
718), an AND gate 720, an OR gate 722 and an inverter 724. 
AND gate 720 includes six identical AND gates, a first AND 
gate, a second AND gate, a third AND gate, a fourth AND 
gate, a fifth AND gate and a sixth AND gate. The connection 
relation between devices in FIG. 7 includes: 

0087 connecting first trigger 702, second trigger 704, 
third trigger 706 and fourth trigger 708 in series, the positive 
output ends of the triggers except for fourth trigger 708 all 
being connected to the input end of the neighboring trigger 
of the next stage, and connecting the negative output end of 
first trigger 702, the positive output end of second trigger 
704, the negative output end of third trigger 706 and the 
positive output end of fourth trigger 708 to the four input 
ends of the first AND gate, respectively; connecting the 
positive output end of first trigger 702, the negative output 
end of second trigger 704, the positive output end of third 
trigger 706, and the negative output end of fourth trigger 708 
to the four input ends of the second AND gate, respectively; 
connecting the negative output end of first trigger 702, the 
negative output end of second trigger 704, the positive 
output end of third trigger 706, and the positive output end 
of fourth trigger 708 to the four input ends of the third AND 
gate, respectively; connecting the negative output end of 
first trigger 702, the positive output end of second trigger 
704, the positive output end of third trigger 706, and the 

Apr. 17, 2008 

negative output end of fourth trigger 708 to the four input 
ends of the fourth AND gate, respectively; connecting the 
positive output end of first trigger 702, the positive output 
end of second trigger 704, the negative output end of third 
trigger 706, and the negative output end of fourth trigger 708 
to the four input ends of the fifth AND gate, respectively; 
connecting the positive output end of first trigger 702, the 
negative output end of second trigger 704, the negative 
output end of third trigger 706, and the positive output end 
of fourth trigger 708 to the four input ends of the sixth AND 
gate, respectively; 

0088 connecting the output ends of the above six AND 
gates to the six input ends of an OR gate, and connecting the 
output end of the OR gate to the input end of five series 
triggers similar to the above four series triggers, the clock 
signal input to the five series triggers being the clock signal 
acquired by inverting the clock signal input to the above four 
series triggers by an inverter. In addition, the five series 
triggers correspond to triggers 710, 712, 714, 716 and 718 
in FIG. 7, respectively, and the positive output end of each 
of the five triggers is connected to one of the five input ends 
of an AND gate so as to ensure that the output of the AND 
gate is a holding signal. 

0089. As can be seen from the above, the operation 
performed by the devices in FIG. 7 on the basis of the above 
connection relation includes: in a clock period, performing 
an AND operation for the negative output end of first trigger 
702, the positive output end of second trigger 704, the 
negative output end of third trigger 706 and the positive 
output end of the fourth trigger 708, performing AND 
operation for the positive output end of first trigger 702, the 
negative output end of second trigger 704, the positive 
output end of third trigger 706 and the negative output end 
of fourth trigger 708, performing AND operation for the 
negative output end of first trigger 702, the negative output 
end of second trigger 704, the positive output end of third 
trigger 706 and the positive output end of fourth trigger 708, 
performing AND operation for the negative output end of 
first trigger 702, the positive output end of second trigger 
704, the positive output end of the third trigger 706 and the 
negative output end of the fourth trigger 708, performing 
AND operation for the positive output end of first trigger 
702, the positive output end of second trigger 704, the 
negative output end of third trigger 706 and the negative 
output end of fourth trigger 708, performing AND operation 
for the positive output end of first trigger 702, the negative 
output end of the second trigger 704, the negative output end 
of third trigger 706 and the positive output end of fourth 
trigger 708. 

0090 Perform an OR operation for the six results of the 
above AND operations, input the result of the OR operation 
to the five series triggers (710, 712, 714, 716, 718) so as to 
perform an AND operation for the positive outputs of the 
five series triggers and thus acquire a holding signal (Hold) 
eventually. The clock signal for the five series triggers is an 
inverted clock signal of the clock signal input to the four 
series triggers (702. 704, 706, 708). 

0091 FIG. 8 shows a schematic circuit diagram of a 
reversible counter in accordance with the present invention. 
Reversible counter 336 is composed of multiple D triggers, 
multiple AND gates, multiple OR gates and multiple NOR 
gates and has a control signal input end, a clock input end, 
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a carry/borrow output end C/B and an N-bit counting output 
end. Since the number of the bits of the output end of 
reversible counter 336 is equal to the number of the bits of 
the regulating input end of first variable resistor 304, there 
is no carry or borrow in the counting process. Thus, the 
carry/borrow output end C/B may be omitted in fact. Other 
multiple reversible counters capable of implementing the 
same function may also be used. 

0092 FIG. 9 shows a schematic circuit diagram of a 
holder with a holding function in accordance with the 
present invention. The holder is a register and composed of 
N D triggers, 2N AND gates and N OR gates. As shown in 
FIG. 9, an AND OR operation are performed on a holding 
signal and the N-bit parallel inputs, and N-bit parallel 
outputs are acquired via N triggers. Other multiple types of 
reversible registers capable of implementing the same func 
tion may also be used. 

0093. In addition, multiple amplifiers and voltage com 
parators capable of implementing the same function may be 
adopted as the amplifier and Voltage comparator used in the 
present invention. 

0094 FIG. 10 shows a flow chart of a method for 
performing on-chip impedance matching for a transmission 
line using a negative feedback circuit in accordance with the 
present invention. Since the specific method for performing 
on-chip impedance matching for the transmission line using 
the negative feedback circuit has been described in detail in 
FIGS. 2 to 9, the method for performing the on-chip imped 
ance matching for the transmission line using the negative 
feedback circuit is only described in brief in FIG. 10. The 
method shown in FIG. 10 includes the following steps. 

0.095. In step 100, a comparison arbiter compares the 
Voltage across a reference resistor with the Voltage across a 
first variable resistor and acquires a regulating signal. 

0096. In step 200, the negative feedback circuit feeds 
back the regulating signal to the first variable resistor to 
regulate the first variable resistor and synchronously regu 
lates the resistance of the second variable resistor, thereby 
accomplishing the impedance matching. 

0097 R=Rxa/b when V=VA. Moreover, the resis 
tance of the reference resistor is Rf and the resistance of the 
first variable resistor is R. Therefore, the resistance of the 
first variable resistor acquired through the calculation may 
be equal to the desired terminating resistance by selecting 
appropriate Rea and b according to the above conditions. 
An off-chip precise resistor is adopted as the reference 
resistor and the resistance of the reference resistor is very 
large. 

0.098 Specifically, the operation performed by the com 
parison arbiter in step 100 includes the following steps. 

0099. In step 102, the voltage comparator compares the 
voltage at node A with the voltage at node B and takes the 
result of the comparison as an upward/downward counting 
control signal for the reversible counter. Specifically, when 
the voltage, V, is larger than the voltage, VA, the Voltage 
comparator outputs a high level, which indicates that the 
resistance of the first variable resistor is larger than the 
desired terminating resistance; when the Voltage, V is 
Smaller than the Voltage, VA, the Voltage comparator outputs 
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a low level, which indicates that the resistance of the first 
variable resistor is smaller than the desired terminating 
resistance 

0100. In step 104, a counter performs upward counting if 
the upward/downward counting control signal is a high 
level, performs downward counting if the upward/down 
ward counting control signal is a low level, and the result of 
the counting acts as the regulating signal. 
0101 Specifically, in step 200, the regulating signal out 
put by the comparison arbiter is fed back to the third 
regulating end of the first variable resistor and is input to the 
third regulating end of the second variable resistor via the 
holder, the first variable resistor and the second variable 
resistor are regulated Synchronously so as to make the 
resistances of the first variable resistor and the second 
variable resistor equal to the desired terminating resistance, 
and the comparison arbiter outputs a holding signal when V 
and VA are equal to each other continuously to make the 
holder be in a holding State, which makes the second 
variable resistor constant. 

0102) The above multiple steps are completed in one 
clock period and each of the steps is performed according to 
an input clock pulse signal. The clock pulse signal is a 
continuous pulse signal. 
0103) The present invention also involves an apparatus 
for performing on-chip impedance matching for a transmis 
sion line using a negative feedback circuit. The negative 
feedback circuit is set in the apparatus and thus the object of 
real-time on-chip impedance matching for a transmission 
line may be achieved. 
0104. As can be seen from the above, the negative 
feedback circuit and the method for implementing the nega 
tive feedback circuit, and the apparatus for performing 
on-chip impedance matching for a transmission line using 
the negative feedback circuit all cost less than that of the 
conventional Scheme. Moreover, it is more convenient and 
flexible to achieve impedance matching without frequent 
uses of a switch. Thus, high reliability and good operability 
are attained. 

1. A negative feedback circuit, comprising: 
a reference resistor (302) having a first end and a second 

end, the second end of the reference resistor (302) 
being connected to a common end; 

a first variable resistor (304) having a first end, a second 
end and a third regulating end, the second end of the 
first variable resistor (304) being connected to the 
common end; 

a second variable resistor (306) having a first end, a 
second end and a third regulating end; 

a voltage follower (308) having a first end, a second end 
and a third end, the first end of the voltage follower 
(308) being connected to the first end of the reference 
resistor (302) at node A: the voltage follower (308) 
being configured to make Voltage at node A, VA, follow 
a reference voltage inputted to the third end of the 
voltage follower (308); 

a proportional current mirror (310) having an input end 
and an output end; the input end of the proportional 
current mirror (310) being connected to the second end 
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of the voltage follower (308) and the output end of the 
proportional current mirror (310) being connected to 
the first end of the first variable resistor (304) at node 
B; the proportional current mirror (310) being config 
ured to output a current of the output end of the 
proportional current mirror (310) in proportion to a 
current of the input end of the proportional current 
mirror (310); the current of the input end being a 
reference current via the reference resistor, and 

a comparison arbiter (312) having a first input end, a 
second input end, a first output end and a second output 
end, node A and node B being connected to a first input 
end and a second input end of the comparison arbiter 
(312), respectively; the comparison arbiter (312) being 
configured to compare the Voltage at node A and the 
Voltage at node B to acquire a regulating signal; the 
regulating signal being used for synchronously regu 
lating the resistances of the first variable resistor (304) 
and the second variable resistor (306) so as to make the 
Voltage at node B approach to the Voltage at node A. 

2. The circuit of claim 1, wherein the comparison arbiter 
(312) comprises: 

a voltage comparator (330), a negative input end of the 
voltage comparator (330) acting as the first input end of 
the comparison arbiter (312) and a positive input end of 
the Voltage comparator (330) acting as the second input 
end of the comparison arbiter (312); the voltage com 
parator (330) being configured to compare the Voltage 
at node A, VA, with the voltage at node B, VB, and 
output the result of the comparison as an upward/ 
downward counting control signal; and 

a reversible counter (336), an output end of the reversible 
counter (336) acting as the first output end of the 
comparison arbiter (312), the reversible counter (336) 
being configured to receive the upward/downward 
counting control signal output by the Voltage compara 
tor (330), count and output the result of the counting as 
the regulating signal. 

3. The circuit of claim 2, wherein a proportion of an offset 
voltage of the voltage comparator (330) to a reference 
voltage of the voltage comparator (330) is smaller than a 
desired error precision. 

4. The circuit of claim 2, wherein the comparison arbiter 
(312) further comprises a code-stream sequential detector 
(334); an output end of the code-stream sequential detector 
(334) acts as the second output end of the comparison arbiter 
(312); and the code-stream sequential detector (334) is 
configured to output a holding signal when the upward/ 
downward counting control signal is in a steady state; the 
steady state is a state of the upward/downward counting 
control signal when the Voltage at node A, VA, and the 
Voltage at node B, VB, are equal to each other continuously; 

a holder (314) is connected between the comparison 
arbiter (312) and the second variable resistor (306); the 
holder (314) is configured to receive the holding signal, 
and hold the resistance of the second variable resistor 
(306) constant upon receiving the holding signal. 

5. The circuit of claim 4, wherein the code-stream sequen 
tial detector (334) comprises: first, second, third and fourth 
triggers in series and other five triggers in series, and further 
comprises first, second, third, fourth, fifth, sixth, seventh 
AND gates, an OR gate, and an inverter, 
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a positive output ends of the first, second, third triggers all 
are connected to an input end of the neighboring trigger 
of the next stage, and a negative output end of the first 
trigger, a positive output end of the second trigger, a 
negative output end of the third trigger, and a positive 
output end of the fourth trigger are connected to four 
input ends of the first AND gate, respectively; a posi 
tive output end of the first trigger, a negative output end 
of the second trigger, a positive output end of the third 
trigger, and a negative output end of the fourth trigger 
are connected to four input ends of the second AND 
gate, respectively; the negative output end of the first 
trigger, the negative output end of the second trigger, 
the positive output end of the third trigger, and the 
positive output end of the fourth trigger are connected 
to the four input ends of the third AND gate, respec 
tively; the negative output end of the first trigger, the 
positive output end of the second trigger, the positive 
output end of the third trigger, and the negative output 
end of the fourth trigger are connected to the four input 
ends of the fourth AND gate, respectively; the positive 
output end of the first trigger, the positive output end of 
the second trigger, the negative output end of the third 
trigger, and the negative output end of the fourth trigger 
are connected to the four input ends of the fifth AND 
gate, respectively; the positive output end of the first 
trigger, the negative output end of the second trigger, 
the negative output end of the third trigger, and the 
positive output end of the fourth trigger are connected 
to the four input ends of the sixth AND gate, respec 
tively; 

the output ends of the above six AND gates are connected 
to six input ends of the OR gate, respectively, an output 
of the OR gate is connected to input ends of the five 
series triggers, and positive output ends of the five 
series triggers are connected to five input ends of the 
seventh AND gate, respectively; 

the inverter is connected to each of the five series triggers 
and configured to invert a clock signal sent to the first, 
second, third and fourth triggers and send the inverted 
clock signal to each of the five series triggers. 

6. The circuit of claim 4, wherein a trigger connects the 
voltage comparator (330) and the reversible counter (336), 
and connects the voltage comparator (330) and the code 
stream sequential detector (334), and the reversible counter 
(336) and the code-stream sequential detector (334) receive 
the upward/downward counting control signal via the trig 
ger. 

7. The circuit of claim 4, wherein a criterion based on 
which the code-stream sequential detector (334) determines 
that the upward/downward counting control signal is in a 
steady state is that: the code stream of the upward/downward 
counting control signal in the steady state appears for odd 
times continuously. 

8. The circuit of claim 4, wherein the holder (314) is a 
register. 

9. The circuit of claim 1, wherein the first variable resistor 
(304) and the second variable resistor (306) are composed of 
multiple parallel resistors as a parallel structure, respec 
tively, and each branch of the parallel structure respectively 
composing the first variable resistor (304) and the second 
variable resistor (306) comprises a switch and a resistor. 

10. The circuit of claim 9, wherein the multiple resistors 
are the same multiple resistors with the resistance of R. 
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11. The circuit of claim 10, wherein the regulable resis 
tances of the first variable resistor (304) and the second 
variable resistor (306) are R/n (n=0, 1, 2, ..., 2N-1), n is 
the number of the multiple parallel resistors, and N is a 
positive integer. 

12. The circuit of claim 9, wherein the branch is a branch 
formed by grouping according to binary weight. 

13. The circuit of claim 9, wherein the switch is formed 
by using an NMOS transistor or PMOS transistor, and the 
resistor in the parallel structure comprises a first resistor and 
a second resistor, and a method for connecting the Switch 
and the resistor in the parallel structure comprises: a source 
and a drain of the NMOS transistor or PMOS transistor are 
connected to the first resistor and the second resistor in 
series, respectively. 

14. The circuit of claim 1, wherein the first variable 
resistor (304) and the second variable resistor (306) are 
composed of multiple series resistors, respectively. 

15. The circuit of claim 1, wherein the second end of the 
reference resistor (302) is grounded; the second end of the 
first variable resistor (304) is grounded; the second variable 
resistor (306) as a terminating resistor is a resistor identical 
with the first variable resistor (304). 

16. A method for performing on-chip impedance match 
ing for a transmission line on the basis of a negative 
feedback circuit of claim 1, comprising: 

comparing Voltage across a reference resistor with Voltage 
across a first variable resistor, and acquiring a regulat 
ing signal according to the result of the comparison: 

synchronously regulating the resistances of the first vari 
able resistor and a second variable resistor to make the 
resistance of the second variable resistor equal to the 
desired terminating resistance. 
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17. The method of claim 16, wherein the acquiring a 
regulating signal according to the result of the comparison 
comprises: 

outputting a high level when the Voltage across the first 
variable resistor is larger than the Voltage across the 
reference resistor and outputting a low level when the 
voltage across the first variable resistor is smaller than 
the Voltage across the reference resistor, 

counting according to the outputted high level and low 
level and taking the result of the counting as the 
regulating signal; wherein upward counting is per 
formed when the high level is output while downward 
counting is performed when the low level is output. 

18. The method of claim 16, wherein the synchronously 
regulating the resistances of the first variable resistor and a 
second variable resistor to make the resistance of the second 
variable resistor equal to the desired terminating resistance 
comprises: 

feeding back the regulating signal to a regulating end of 
the first variable resistor and a regulating end of the 
second variable resistor to synchronously regulate the 
resistances of the first variable resistor and the second 
variable resistor. 

19. The method of claim 16, further comprising: holding 
the resistance of the second variable resistor when the 
Voltage across the reference resistor and the Voltage across 
the first variable resistor are equal to each other continu 
ously. 

20. An apparatus for performing on-chip impedance 
matching for a transmission line comprising a negative 
feedback circuit according to claim 1. 

k k k k k 


